per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Qassification ^ : 
B29D 11/00, C308F 30/08 



Al 



(11) International Publication Number: WO 94/03324 

(43) Inteniational Publication Date: 17 February 1994 (17.02.94) 



(21) International Application Number : PCT/US93/05827 

(22) International Filing Date: 17 June 1993 (17.06.93) 



(30) Priority data: 
07/924,214 



3 August 1992 (03.08.92) US 



(71) Applicant: BAUSCH & LOME INCORPORATED [US/ 

US]; Patent Law Department, One Lincoln First Square, 
P.O. Box 54, Rochester, NY 14601-0054 (US). 

(72) Inventors: BAWA, Rajan, Sohansingh ; 7 Chesfield Loo- 

kout, Fairport, NY 14450 (US). LAI, Yu-Chin ; 23 Cop- 
per Woods, Pittsford, NY 14534 (US). NANDU. Ma- 
hendra, Premji ; 218 Guinevere Drive, Rochester, NY 
14626 (US). 



(74) Agents: THOMAS, John, E. et al.; Bausch & Lomb Incor- 
porated, One Lincoln First Square, P.O. Box 54, Roches- 
ter, NY 14601-0054 (US). 



(81) Designated States: AU, BB, EG, BR, CA, CZ, FI, HU, JP, 
KP, KR, LK, MG, MN, MW, NO, NZ, PL, RO, RU, 
SD, SK, UA, European patent (AT, BE, CH, DE, DK, 
ES, FR, GB, GR, IE, IT, LU, MC, NL. PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML. MR, 
NE, SN, TD, TG). 



Published 

With international search report. 



(54)Tifle: PROCESS FOR MAKING SILICONE CONTAINING HYDROGEL LENSES 
(57)Abstract 

A process for preparing silicone hydrogel contact lenses where machining operations are employed to produce a lens hav- 
mg a desired final shape compnses: providing a monomeric mixture comprising a siiicone-containing monomer, a hydrophilic 
monomer and an orgamc diluent; charging the mixture to a mold and curing the formulation in the moid to obtain a shaped arti- 
cle; reniovmg orgamc dilueiit from the shaped article to improve machineability of the article; and machining tiie shaped article 
to obtam a contact lens having a desired configuration. au^pcu oriiwc 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


EG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CP 


Central African Republic 


CG 


Congo 


CM 


Switzerland 


CI 


Cote dMvoire 


CM 


Cameroon 


CN 


China 


cs 


C»«hoslovakla 


cz 


Czecli Republic 


DE 


Germany 


DK 


DenmarlL 


ES 


Spain 


Pi 


Finland 



FR 


Prance 


GA 


Gabon 


GB 


United Kingdom 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IB 


Ireland 


IT 


Italy 


JP 


Japan 


KP 


Democratic Peopie*s Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liecbtenstelh 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Pedcration 


SD 


Sudan 


SB 


Sweden 


SI 


Slovenia 


SK 


Slovak Republic 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekbtan 


VN 


Viet Nam 



wo 94/03324 



PCr/US93/05827 



PROCESS FO R M&KIKG SILICONE COlTrAININg 
HYDROGEL LENSES 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved 
process for making silicone hydrogel lenses. 

Hydrogels represent a desirable class of 
materials for contact lenses, A hydrogel is a 
hydrated cross-linked polymeric system that contains 
water in an equilibrium state. Hydrogel lenses 
offer relatively high oxygen permeability as well as 
desirable biocompatibility and comfort • 

Conventional hydrogel lenses are prepared from 
monomeric mixtures predominantly containing 
hydrophilic monomers such as 2 -hydroxy ethyl 
methacrylate or N-vinyl pyrrolidone. Oxygen 
permeability of these conventional hydrogel 
materials relates to the water content of the 
materials. More recently^ it has been desired to 
increase the oxygen permeability of hydrogel lenses 
by employing silicone-containing monomers in the 
hydrogel formulations since silicone based materials 
have higher oxygen permeability than water. 
Silicone hydrogels (i.e., hydrogels containing 
silicone) are usually prepared by polymerizing a 
mixture containing at least one silicone-containing 
monomer and at least one hydrophilic monomer. 
Either the silicone-containing monomer or the 
hydrophilic monomer may function as a crosslinking 
agent (a crosslinker being defined as a monomer 
having multiple polymerizable functionalities) or a 
separate crosslinker may be employed. 
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Various processes are known for curing a 
monomeric mixture in the production of contact 
lenses, including spincasting and static casting. 
Spincasting methods are disclosed in U.S. Patent 
Nos. 3,408,429 and 3,660,545, and Static casting 
methods are disclosed in U.S. Patent Nos. 4,113,224 
and 4,197,266. Curing of the monomeric mixture is 
often followed by a machining operation in order to 
provide a contact lens having a desired final 
configuration • 

According to several known techniques for 
manufacturing contact lenses, the casting process 
may yield a shaped article having the desired 
posterior and anterior lens surfaces. For example^ 
in static casting processes, a monomeric mixture can 
be charged to a mold comprising a first mold section 
including a surface for forming a desired emterior 
lens surface and a second mold section including a 
surface for forming a desired posterior lens 
surface. In spincasting processes, the monomeric 
mixture can be charged to an open mold having a& 
surface for forming a desired anterior lens surface, 
and a desired posterior lens surface is formed from 
rotation of the mold. However, machining 
operations, subsequent to the curing of the article, 
may still be necessary to provide a contact lens 
more suitable for placement on the eye. Such 
machining operations include lathe cutting the lens 
to obtain a desired edge, buffing the lens edge or 
polishing the lens edge or surface. 

In other known manufacturing techniques, the 
casting process may yield a shaped article which 
does not have the desired anterior and/or posterior 
lens surfac s. Accordingly, the casting process is 
followed by a machining operation to form a desired 
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lens surface. As an example, U«S. Patent No. 
4,555,732 discloses a process where an excess of a 
monomeric mixture is cured by spincasting in a mold 
to form a shaped article having an anterior lens 
surface and a relatively large thickness, and the 
posterior surface of the cured spincast article is 
subsequently lathe cut to provide a contact lens 
having the desired thickness and posterior lens 
surface. Further machining operations may follow 
the lathe cutting of the lens surface, such as the 
previously described edge finishing operations. 

However, difficulties have been encoiintered in 
attempts to employ such methods which involve 
machining operations in the production of silicone 
hydrogel contact lenses. For exeunple, silicone 
hydrogel articles generally are more difficult to 
machine than conventional hydrogel articles, as 
hydrogels prepared from silicone-containing monomers 
tend to be softer and more rubbery than hydrogels 
prepared from only the conventional monomers, 
especially when cast with a diluent. 

SUMMARY OF THE INVENTION 

The present invention provides a process for 
preparing silicone hydrogel contact lenses where 
machining operations are employed to produce a lens 
having a desired final shape. The process 
comprises: 

providing a monomeric mixture comprising a 
silicone-containing monomer , a hydrophilic 
monomer and an organic diluent; 

charging the mixture to a mold and curing 
the mixture In th mold to obtain a shaped 
article; 
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removing organic diluent from the shaped 
article to improve machineability of the 
article; and 

machining the shaped article to obtain a 
contact lens having a desired configuration. 

DETAILED DESCRIPTION OF THE INVENTION 

Any known silicone hydrogel formulation 
including at least one silicone-containing monomer 
and at least one hydrophilic monomer may be used in 
the process of this invention, as will be apparent 
to one skilled in the art. The monomers may be 
added to the monomeric mixture from which a shaped 
article is obtained as monomers or prepolymers. 
Thus, it is understood that the terms "silicone- 
containing monomers" and "hydrophilic monomers" 
include prepolymers. Examples of silicone- 
containing monomers may be found in United States 
Patent Nos. 4,136,250; 4,153,641; 4,740,533; 
5,034,461; and 5,070,215. 

Further examples of suitable silicone- 
containing monomers are bulky polysiloxanylalkyl 
(meth) acrylic monomers represented by formula (I): 

t 

R^-Si-R^ 
R O R-*^ 

( I ) H2 C=C-C-X- ( Cai2 ) f -S i-O-Si-R^ 

8 O ii 

R^-Si-R^ 

wherein: 

X denotes -O- or -NR-; 
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each R ind p ndently denotes hydrogen or 
methyl ; 

each R-'" independently denotes a lower alkyl 
radical or a phenyl radical; and 
f is 1 or 3 to 10. 

Such bulky monomers include methacryloxypropyl 
tris ( trimethylsiloxy ) silane , pentamethyldisiloxanyl 
methylmethacrylate , tris (trimethylsiloxy) 
methacryloxy propylsilane, phenyltetramethyl* 
disiloxanylethyl acetate, and 

methyldi (trimethylsiloxy) methaciryloxymethyl silane • 

One preferred class of silicohe-containing 
monomers is a poly (organosiloxane) prepolymer 
represented by formula (II) : 

r3 r5 r3 
(II) A'-(R'')-Si~[0-Si]n-0-Si-(R'^)-A' 

R^ R^ 

wherein: 

each A' independently denotes an activated 
unsaturated group, such as an ester or amide of an 
acrylic or a methacrylic acid; 

each of R-^, R*, R^ and R^ are independently 
selected from the group consisting of a monovalent 
hydrocarbon radical or a halogen substituted 
monovalent hydrocarbon radical having 1 to 18 carbon 
atoms which may have ether linkages between carbon 
atoms ; 

R^ denotes a divalent hydrocarbon radical 
having from 1 to 22 carbon atoms; and 

n is 0 or an integer greater than or ecpial to 

1. 

Another preferred class of silicone containing 
monomers includes silicone-containing vinyl 
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carbonate or vinyl carbamate monomers of formula 
(III) ! 



(Ill) 



\ f ? 1 

012=0- (CH2)q-9-C-y' 



,Si 



Wherein: 

Y' denotes -0-, -s- or -NH-; 

si 

R»-^ denotes a silicone-containing organic 
radical ; 

denotes hydrogen or methyl; 
d is 1, 2, 3 or 4; and 
g is 0 or 1. 

Suitable silicone-containing organic radicals 
R^""" include the following: 



-(CH2)n' Si[(CH2)Bi'CH3]3 
-<CH2)n' Si[OSi(CH2)ni'CH3]3 ; 



rRll. 



-(CH2)n« SiO- — ^r1°; and 

.Allje 

,11 



-(CH2)n'- 



rRll- 
« 



R-' 
I 

SicH — ^Si- 

411 



,10 



ill 



wherein; 



r1° denotes 



-(CH2)p'-0-C-CH«»CH2 Wherein p' is. 1 to 6; 



r11 denotes an aLlkyl radical or a fluoroalkyl 
radical having 1 to 6 carbon atoms; 
e is 1 to 200; 
n' is 1, 2, 3 or 4; and 
m' is 0, 1, 2, 3, 4 r 5. 
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The silicone-containing vinyl carbonate or 
vinyl carbamate monoin rs specifically include: 1,3- 
bis [ 4-vinyloxycarbonyloxy ) but-l-y 1 ] tetramethyl- 
disiloxane; 3- (trimethylsilyl) propyl vinyl 
carbonate ; 3- ( vinyl oxycarbonylthio) propyl- 
[tris (trimethylsiloxy) silane] ; 
3-ttris(triiaethylsiloxy)silyl3 propyl vinyl 
carbamate; 3- [tris (trimethylsiloxy) silyl] propyl 
allyl carbamate; 3- [tris (trimethylsiloxy) silyl] 
propyl vinyl carbonate; t-butyldimethylsiloxyethyl 
vinyl carbonate; trimethylsilylethyl vinyl 
carbonate; trimethylsilylmethyl vinyl carbonate; and 
••V2D25". 



CH3 

CH2=CH-OCO (CH2 ) 4-Si-C 
O CH3 



CH3 
-Si-O 



3 J 



CH3 



^i- (CH2 ) 4OCO-CH-CH2 . 

25 CH3 O 



A further preferred class of silicone- 
con1:aining monomers includes monomers of the 
following foinnulae: 

(IV) E(*D*A*D*G)a*D*A*D*E'; or 

(V) E(*D*G*D*A)a*D*6*D*E'; 

wherein: 

D denotes an alkyl diradical, an all^l 
^cloalkyl diradieal, a eycloallvl diradical, an 
aryl diradical or an all^laryl diradical haying 6 to 
30 carbon atoms; 

G denotes an alkyl diradical, a cycloall^l 
diradical, an alkyl cycloalkyl diradical, an aryl 
diradical or an alkylaryl diradical having l to 40 
carbon atoms and which may contain ether, thio or 
amine linkages in the main chain; 
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* denot s a urethane or ureido linkage; 
a is at least 1; 

A denotes a divalent polymeric radical of 
formula (VI) : 

-Si (CH2)m- 

wherein: 

each R® independently denotes an alkyl or 
f luoro-substituted alkyl group having 1 to 10 carbon 
atoms which may contain ether linkages between 
carbon atoms; 

m is at least 1; and 

p provides a moiety weight of 400 to 10,000; 

each of E and E' independently denotes a 
polymerizable unsaturated organic radical 
represented by formula {VII ) : 

r" 

(VII) R^3CH=C- (CH2) w" (X) ( Z) 2^ (Ar) y-R^*- 

wherein: 

R^^ is hydrogen or methyl; 

R-*"^ is hydrogen, an alkyl radical having 1 to 6 
carbon atoms, or a -CO-Y-R^^ radical wherein Y is 
-S- or -NH-; 

R"^* is a divalent alkylene radical having 1 to 
10 carbon atoms; 

R^^ is a alkyl radical having 1 to 12 carbon 
atoms ; 

X denotes -CO- or -OCO-; 
Z denotes -O- or -NH-; 



(VI) 



-(CH2)jn- 



R^ 
I 

-Si-0 
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Ar denotes an aromatic radical having 6 to 30 
carbon atoms; 

V is 0 to 6; 
X is 0 or 1; 
y is 0 or 1; axtd 
z is 0 or 1. 



A preferred iirethane monomer is represented by 
formula (VIII): 



£•»-*•( 



H 
I 



H 
I 



H 



^OCN-R^^-NCOCH2CH20CH2CH20CN-R^^-NCO (CH2 ) n" 



11 
O 



il 
0 



II 
o 



11 
o 



<VIII) 




CH3-Si-CH3 



(CH2) 



m 



H H 
!«_0CN-R"'-**-Nf 
O 



H 
I 



.16. 





1 


1 1 




a 


H 






1 






-NCO 1 







11 
o 



II 
o 



II 
o 



wherein R-^^ is a diradical of a diisocyanate after 
removal of the isocyanate group, such as the 
diradical of isophorone diisocyanate, and each E" is 
a ^oup represented by: 



CH3 

H2CSSC-COOCH2CH2- 



The silicone-containing monomers may be 
copolymerized with a vide variety of hydrophilic 
monomers to produce silicone hydrogel lenses. 
Suitable hydrophilic monomers include: unsaturated 



-9- 



wo 94/03324 



PCr/US93/05827 



carboxylic acids, such as methacrylic and acrylic 
acids; acrylic siabstituted alcohols, such as 2- 
hydroxyethylmethacrylate and 2 -hydroxy ethyl aery late; 
vinyl lactams, such as N-vinyl pyrrolidone; and 
acrylamides, such as methacrylamide and N,N- 
dinethylacrylamide. Still further examples are the 
hydrophilic vinyl carbonate or vinyl carbamate 
monomers disclosed in U.S. Patent Nos. 5,070,215, 
and the hydrophilic oxazolone monomers disclosed in 
U.S. Patent No. 4,910,277. Other suitable 
hydrophilic monomers will be apparent to one skilled 
in the art. 

An organic diluent is included in the initial 
monomer ic mixture. As used herein, the term 
"organic diluent" encompasses organic compounds 
which minimize incompatibility of the components in 
the initial monomeric mixture and are substantially 
nonreactive with the components in the initial 
mixture. Additionally, the organic diluent serves 
to minimize phase separation of polymerized products 
produced by polymerization of the monomeric mixture. 
Also, the organic diluent will generally lower the 
glass transition temperature of the reacting 
polymeric mixture which allows for a more efficient 
curing process, and which ultimately results in a 
more uniformly polymerized product. Uniformity of 
the initial monomeric mixture and the polymerized 
product are of particular concern for silicone 
hydrogels primarily due to the inclusion of 
silicone-containing monomers. 

Contemplated organic diluents include: 
monohydric alcohols, with C5-CX0 straight-chained 
aliphatic monohydric alcohols, such as n-*hexanol and 
n-nonanol, being especially pr f erred; di Is, such 
as thylene glycol; polyols, such as glycerin; 

-10- 
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ethers^ such as diethylene glycol monoethyl ether; 
ketones, such as methyl ethyl ketone; esters, such 
as methyl enanthate; and hydrocarbons, such as 
toluene. Preferably/ the organic diluent is 
sufficiently volatile to facilitate its removal from 
a cured article by evaporation at or near ambient 
pressure. Other suitable organic diluents would be 
apparent to a person of ordinary skill in the art. 

The organic diluent is included in an amount 
effective to provide the desired effect. Generally, 
the diluent is included at 5 to 60% by weight of the 
monomeric mixture, with 10 to 50% by weight being 
especially preferred. 

According to the present process, the monomeric 
mixture, comprising at least one hydrophilic 
monomer, at least one silicone-containing monomer 
and the organic diluent, is cured by conventional 
methods such as static casting or spincasting. 

Subsequently, a sufficient amount of organic 
diluent is removed from the cured article to improve 
the machineability of the article. Applicants 
discovered that although the inclusion of the 
organic diluent can minimize the aforementioned 
problems associated with monomer incompatibility, 
phase separation or nonuniform polymerization, 
excess residual diluent can render normally soft 
silicone hydrbgel articles even tackier or more 
rubbery and more difficult to machine; in fact, 
machining of the cured article may be precluded 
altogether. Surprisingly, the process according to 
the present process provides removal of organic 
diluent from the cured article without deformation 
of the article, such as warping of the lens. 

The organic diluent is preferably removed by 
evaporation at or near ambient pr ssure, and an 
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elevated temperature can be employed to shorten th 
time necessary to evaporate the diluent. The time, 
temperature and pressure conditions for the removal 
step will vary depending on such factors as the 
volatility of the diluent and the specific monomeric 
components, as can be readily determined by one 
skilled in the art. According to a preferred 
embodiment, the temperature employed in the removal 
step is at least 50°C, and more preferably, at least 
55°c. Preferably, the cured article after the 
diluent removal step will contain no more than 20% 
by weight of diluent, and preferably, no more than 
5% by weight. 

Following removal of the organic diluent, the 
shaped article is machined by various processes 
known in the art. The machining step includes lathe 
cutting a lens surface, lathe cutting a lens edge, 
buffing a lens edge or polishing a lens edge or 
surface. The present process is particularly 
advantageous for processes wherein a lens surface is 
lathe cut, since machining of a lens surface is 
especially difficult when the surface is tacky or 
rubbery. 

Generally, such machining processes are 
performed before the article is released from a mold 
part. After the machining operation, the lens can 
be released from the mold part and hydrated. 
Alternately, the article can be machined after 
removal from the mold part and then hydrated. 
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Repres ntative formulations are listed below. 



FORMaiATION A 



Component 



Parts bv Weight 



TRIS-VC 
NVP 

V2D25 
VINAL 

n-nonanol 

Darocur 

tint agent 



55 

30 

15 
1 

15 
0.2 
0.05 



TIATION B 



Component 



Parts by Weight 
(or Weight Percent) 



IDS3H 
Tris 
DKA 
HAA 

n-hexanol 

TXN 

HOEA 

tint agent 



35 

35 
39 

1 

40 
0.1 % 
0.2 % 
0.007 % 
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FORMUIATIQW C 

Parts by Weight 
component (or Weight Percent^ 



IDS3H 


30 


Tris 


30 


NVP 


27 


DMA 


9 


VDHO 


1 


HEMAVC 


0.15 


n-hexanol 


30 


Darocur 


0.5 


tint agent 


0.03 



FORMPIATTOW n 

Parts by Weight 
CpWPPy^ent for Weight Percent ^ 



IDS3H 


30 


Tris 


30 


NVP 


27 


DHft 


9 


VDMO 


1 


HEHAVC 


0.15 


n-nonemol 


30 


Darocur 


0.5 


tint agent 


0.03 
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FORMUIATION E 

Parts by Weight 
Component for Weight Percent ^ 

IDS3H 35 

Tris 35 

DHA 48 
MAA 1 

n-hexanol 40 
TXN 0.1 % 

MDEA 0.2 % 

tint agent 0.007 % 

The following materials are designated above. 

Darocur Darocur-1173 , a UV initiator 

DMA N-dimethylacryl amide 

HEMAvc methacryloxyethyl vinyl carbonate 

IDS3H a urethane prepolymer derived from 
isophorone diisocyanate, diethylene 
glycol and alpha, omega- 
bis (hydroxybutyldimethylsilyl ) 
polysiloxane and end-capped with 2- 
hydroxyethy methacrylate (described 
in U.S. Patent No. 5,034,461) 

MAA methacrylic acid 

MDEA methyl diethanolamine 

NVP N-vinyl pyrrolidone 

tint agent l,4-bis[4-(2- 

methacryloxyethyl ) pheny lamino ] 
anthraquinone 

TRIS tris (trimethylsiloxy) silylpropyl 

methacrylate 
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VDMO 



V2D25 



TRIS-VC 



TXN 



tris (trimethylsiloxy) silylpropyl 

vinyl carbaxnat 

thioxanthone 

a silicone-containing vinyl carbonate 

as previously described 

2-vinyl-4 , 4-diiaethyl-'2-oxazoline-5- 



one 



VINAL 



H-vinyloxycarbonyl alanine 



The following examples further illustrate 
preferred embodiments of the present invention. 



Under an inert nitrogen atmosphere, 2p-*/il of 
formulation A was injected onto a clean open concave 
mold made of Barex resin (a rubber modified 
copolymer of acrylonitrile and methylacrylate) . The 
mold was spun for about 5 minutes at 320 rpm in the 
presence of UV light (1-2.5 mW/cm^ as measured by 
Black ray UV meter) and exposed to UV light for 
about 30 additional minutes to complete the cure. 

The lenses were xoaintained at 60^c for 3 hours 
in a forced air oven to remove n-nonanol. 
Subsequently, the lenses were edged and ball buffed 
at 1000 rpm for 6 seconds with a force of 25 g while 
still in the mold. The lenses were manually 
released from the molds in water at SO^C, and 
extracted in isopropanol at room temperature for a 
minimum of 48 hours. The lenses were then extracted 
with water at about 85®C for four hours. Finally, 
the lenses were autoclaved in vials containing 
buffered saline. 



EXAMPLE 1 
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EXAMPLE 2 

Under an inert nitrogen atmosphere, 30-/xl of 
Formulation B was injected onto a clean open concave 
Barex resin mold* The mold was spun for about 15 
minutes at 341 rpm in the presence of UV light (1- 
2.5 mW/cm^ as measured by Black ray UV meter) and 
exposed to UV light for about 30 additional minutes 
to complete the cure. 

The lenses were left overnight at room 
temperature to remove n-hexanol. Subsequently, the 
lenses were edged anA ball buffed at 1000 rpm for 3 
seconds with a force of 130 g while still in the 
mold. The lenses were released from the molds in an 
ethanol/water medium, extracted in ethanol at room 
temperature for a minimum of 48 hours, and then 
extracted with water at 80^0 for 4 hours. Finally, 
the lenses were cleaned and heat disinfected using 
unpreserved buffered saline. 

EXAMPLE 3 

Under an inert nitrogen atmosphere, 45-/11 of 
Formulation C was injected onto a clean Barex resin 
concave mold half and covered with a polypropylene 
resin convex mold half. The mold halves were 
compressed at a pressure of 70 psi and the mixture 
was cured for about 15 minutes in the presence of UV 
light (6-11 mW/cm^ as measured by Spectronic UV 
meter) , and the mold was exposed to UV light for 
about 5 additional minutes. 

The top mold half was removed and the lenses 
were maintained at 60^C for 3 hours in a forced air 
oven to remove n-hexanol. Subsequently, th lens 
edg s were lathe cut and ball buffed for 10 seconds 



-17- 



wo 94/03324 



PCr/US93/05827 



at 2300 rpm with a force of 60 The lenses were 
manually released from the molds in water at 50°C, 
and then extracted in isopropanol at room 
temperature for a minimum of 48 hours, followed by 
extraction in water at about 85^C for 4 hours. 
Finally, the lenses were disinfected using 
unpreserved buffered saline. 

EXAMPLE 4 

Under an inert nitrogen atmosphere, 80-/il of 
Formulation C was injected onto a clean open concave 
Barex resin mold. The mold was spun for about 20 
minutes at 400 rpm in the presence of UV light (6-10 
mW/cm^ as measured by Spectronic UV meter) and 
exposed to UV light for about 12 additional minutes. 

The shaped articles were maintained at 60^0 for 
3 hours in a forced air oven to remove n-hexanol. 
Subsequently, the posterior surfaces of the articles 
were lathe cut, then the lenses were polished for 30 
seconds. The lenses were manually released from the 
molds in water at 5 O^C, extracted in isopropanol for 
a minimum of 48 hours, followed by extraction in 
water at about 85^0 for 4 hours. Finally, the 
lenses were autoclaved in buffered saline. 

EXAMPLE 5 

The procedure of Example 4 was followed except 
that Formulation D, including 30 parts by weight of 
n-nonanol, was employed in place of Formulation C. 
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EXAMPLE 6 



Each of Formulations X-1, X-2 and X-3 
(containing n-hexanol at 10, 15 and 20 parts by 
weight, respectively) were static cast in flat 
polypropylene disc molds and cured with UV light. 
The cured flat discs were inspected. The discs cast 
from Formulations X-2 and X-3, which contained 15 
and 20 parts by weight of n-hexanol, respectively, 
appeared too tacky to permit machining of the edges 
due to excess residual n-hexanol, whereas the discs 
cast from Formulation X-1, which contained only 10 
parts by weight of n-hexanol, appeared non-tacky. 



FORMUIATIONS X-1. X-2. X-3 



Component 



Parts by Height 
for Weight Percent^ 



IDS3H 



35 



Tris 



35 



DMA 



30 



n-hexanol 



10, 15, 20 
0.2 % 

benzoin methyl ether, a UV initiator 



BME* 
*BME 
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EXAMPLE 7 

Lenses were spincast from Formulation A 
(containing 15 parts by weight n-*nonanol) following 
the procedure of Example !• The spincast lenses, 
remaining in the mold, were placed in a forced air 
oven maintained at temperatures of 50^C, 55^C and 
60^C. 

For the lenses dried at 55^C and 60^C, two 
lenses, remaining in the mold, were removed from the 
oven at each interval of 0 (control), 1, 2, 3, 4, 5, 
6 and 24 hours, and extracted with 2 ml of 
isopropanol for a minimiim of 12 hours. For the 
lenses dried at 50^C, two lenses, remaining in the 
mold, were removed at each interval of 0 (control) , 
1, 6 and 24 hours, and each sample was extracted 
with 2 ml of isopropanol for a minimum of 12 hours. 
Samples of each isopropanol extract (O.l ^1) were 
obtained and subjected to capillary gas 
chromatography to determine n-nonanol content. 

The percentage of n-nonanol in the samples, 
based on the control, was less than 5% after a 
drying time of 2 hours at 55^0 and 60°C and after a 
drying time of 6 hours at 50^C. 

EXAMPLE 8 

Lenses were again spincast from Formulation A 
(containing 15 parts by weight n-nonanol) following 
the procedure of Example 1. The spincast lenses, 
remaining in the mold, were placed in a forced air 
oven maintained at a temperature of 55^C. Ten molds 
were removed at each interval of 1, 2, 3, 4, 5 and 6 
hours and 24 hours (as a control) , and th lenses 
wer edged following the procedure of Example 1. 
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The edges of lens s that were maintained at 

edging, whereas the lenses that were maintained at 
55^C for 24 hours could be edged satisfactorily. 
The lenses that exhibited poor edging contained 
excess residual n-nonanol in the lenses. Each of 
the lenses that were maintained at 55^C for 2 hours 
or longer edged comparatively with the lenses 
maintained at 55^C for 24 hours. Accordingly, 
sufficient diluent was removed from the spincast 
lenses to machine edge the lenses by maintaining the 
lenses at 55^C for at least 2 hours. Based on the 
data from Example 7, removal of n-nonanol to below 
5% was sufficient to provide satisfactory edging. 

While certain preferred embodiments have been 
described, it is understood that the invention is 
not limited thereto and modifications and variations 
would be evident to a person of ordinary skill in 
the art. 
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We claim: 

1. A process for preparing silicone hydrogel 
contact lenses, said process comprising: 

(a) providing a monomer ic mixture comprising a 
silicone-containxng monomer, a hydrophilic monomer 
and an organic diluent; 

(b) charging the monomer ic mixture to a mold 
and curing the formulation in the mold to obtain a 
shaped article; 

(c) removing diluent from the shaped article 
to improve machineability of the shaped article; and 

(d) machining the shaped article to obtain a 
contact lens having a desired configuration. 

2. The process according to claim l, wherein 
the monomeric mixture is charged to a mold 
comprising a first mold section including a surface 
for forming an anterior lens surface and a second 
mold section including a surface for forming a 
posterior lens surface. 

3. The process according to claim 1, wherein 
the monomeric mixture is cured by spincasting. 

4. The process according to claim 1, wherein 
step (d) comprises machining a lens surface to a 
desired configuration. 

5. The process according to claim 4, wherein 
. the machining comprises lathe cutting a posterior 

lens surface. 
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6. The proc ss according to claim 4, wherein 
the machining comprises lathe cutting an anterior 
lens surface. 

7 . The process according to claim 4 , wherein 
the machining comprises polishing a lens surface. 

8. The process according to claim ^1, wherein 
step (d) comprises machining an edge of a lens- 
shaped article to a desired edge configuration. 

9. The process according to claim 8, wherein 
the machining comprises lathe cutting the edge. 

10. The process according to claim 8, wherein 
the machining comprises buffing the edge. 

11. The process according to claim 1, 
comprising; 

(a) providing said monomeric mixture; 

(b) charging an excess of said mixture to a 
mold including a concave surface for forming a 
desired anterior lens surface and spincast curing 
the formulation in the mold to obtain a shaped 
article having the desired anterior lens surface; 

(c) removing diluent from the shaped article 
to improve machineability of the article; and 

(d) lathe cutting the posterior surface of the 
article to obtain a contact lens with a desired 
thickness . 
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12. The process according to clain .1, 
comprising: 

(a) providing said monomeric mixture; 

(b) charging said monomer ic mixture to a mold, 
wherein said mold comprises a first mold section 
including a surface for forming an anterior lens 
surface and a second mold section including a 
surface for forming a posterior lens surface, and 
curing said formulation in the mold to obtain a 
lens-shaped article having the anterior and 
posterior lens surfaces; 

(c) removing diluent to improve machineability 
of the article; and 

(d) machining the edge of the article to 
obtain a contact lens with a desired edge 
configuration. 

13. The process according to claim 1, 
comprising: 

(a) jproviding said monomeric mixture; 

(b) charging said monomeric mixture to a mold 
including a negative molding surface for forming a 
desired anterior lens surface and spincast curing 
the monomeric mixture in the mold to obtain a lens«- 
shaped article having the desired anterior lens 
surface and a desired posterior lens surface; 

(c) removing diluent to improve machineability 
of the article; and 

(d) machining the edge of the article to 
obtain a contact lens with a desired edge 
configuration . 



24- 



wo 94/03324 PCr/US93/05827 



14. The process according to claim 1, fusrther 
comprising hydrating the lens obtained from step 
(d) . 

15. The process according to claim 1, wherein 
the organic diluent is an alcohol. 

16* The process according to claim 15, wherein 
the organic diluent is selected from the group 
consisting of n*hexanol and n-*nonanol. 

17* The process according to claim 15^ wherein 
step (c) comprises drying the shaped article at an 
elevated temperature. 

18. The process according to claim 17, wherein 
the shaped article is maintained at a temperature of 
at least 50^C for at least 2 hours. 

19. The process according to claim 1, wherein 
the silicone-containing monomer is selected from the 
group consisting of silicone-containing vinyl 
carbonate prepolymers and silicone-containing vinyl 
carbamate prepolymers. 

20 • The process according to claim 1, wherein 
the silicone-containing monomer is a silicone- 
containing urethane prepolymer. 

21. A silicone hydrogel contact lens prepared 
by the process of claim 1. 
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